Spontaneous coronary artery dissection is a rare and often fatal condition of pregnancy. The long-term morbidity is unknown, but a small cohort of patients develop severe ventricular dysfunction as a consequence. We describe a 37-week gestation parturient who presented with cardiogenic shock secondary to spontaneous left main coronary artery dissection. Despite rapid diagnosis, stabilisation with an intra-aortic balloon pump and prompt transfer to a tertiary centre for emergency caesarean delivery and coronary artery bypass grafting, the patient developed a severe postoperative dilated ischaemic cardiomyopathy. There is little information about the long-term outcomes and the specific anaesthesia management of combined emergency caesarean delivery and cardiac surgery in pregnancy for spontaneous coronary artery dissection. Therefore, we outline our multidisciplinary management of this critically ill pregnant woman.
Spontaneous coronary artery dissection is defined as the haemorrhagic separation of the coronary artery media, with the creation of a false lumen, in the absence of precipitating factors 1 . It is a common cause of acute coronary syndrome in pregnancy 2 and is associated with a high morbidity and mortality in this setting 2, 3 . We describe our multidisciplinary management of a 33-year-old woman who presented with left main coronary artery dissection at 37 weeks' gestation. She required transfer to a tertiary centre for urgent caesarean delivery and coronary artery bypass grafting (CABG). Written permission was obtained from the patient for this report.
CASE HISTORY
A 33-year-old (gravida 3, para 2) woman presented to a secondary level teaching hospital at 37 weeks' gestation with a two-day history of pleuritic chest pain and tachypnoea. She had been compliant with antenatal appointments, which had documented stable observations, and she denied any cardiac symptoms during the course of the pregnancy. There was no history of gestational hypertension, diabetes or smoking. Her pre-pregnancy body mass index was 30 kg/m 2 with a gestational weight gain of 9.5 kg. There was no family history of coronary artery disease and her previous two pregnancies had been uncomplicated. A ventilation-perfusion scan excluded pulmonary embolus and initial transthoracic echocardiography and serial echocardiograms were normal. The next day she developed severe central chest pain with electrocardiography changes consistent with an anterior ST-segment elevation myocardial infarction. She rapidly deteriorated, developing cardiogenic shock and acute pulmonary oedema that necessitated intubation of the trachea with a rapid sequence induction technique using propofol 75 mg, fentanyl 100 µg and suxamethonium 150 mg. Tracheal intubation was uneventful and mechanical vent-ilatory support was instituted. Transthoracic echocardiography demonstrated severe left ventricular dysfunction, with hypokinesis of the anteroseptal ventricular wall. A phosphodiesterase-3-inhibitor (milrinone, load 25 µg/kg and infusion 0.5 µg/kg/ minute) was instituted as an inodilator to increase myocardial contractility and reduce ventricular afterload. The patient was stabilised and urgent coronary angiography revealed a large dissection of the left main coronary artery, with absence of flow in both the left anterior descending and circumflex coronary arteries. Left ventriculography showed a severely depressed ejection fraction and akinesis of the anterior and anterolateral walls. An intraaortic balloon pump was inserted to optimise cardiac output, increase coronary blood flow and maximise myocardial and uterine perfusion. Doppler ultrasound of the foetus was normal. Within four hours of the initial diagnosis, the patient was transferred to our tertiary care centre (located 30 minutes away) which has critical care physician support for caesarean delivery and CABG.
On arrival to the operating room, the wedge was kept under the right buttock and the operating (Figures 1 and  2 ). There was no evidence of aortic dissection, pericardial tamponade or valvular dysfunction.
Surgery commenced with the delivery of the foetus via a lower uterine caesarean delivery. Anaesthesia consisted of sevoflurane, and continuous titrated infusions of remifentanil and propofol targeting a bispectral index value of 40-50. Five minutes prior to delivery of the foetus, the remifentanil infusion was ceased. A 3540 g female with Apgar scores of 1, 4 and 5, at one, five and ten minutes, respectively, was delivered. The neonate was intubated and transferred to the neonatal intensive care unit and extubated soon after. Post-delivery, a slow 2.5 international unit bolus of oxytocin was given to the mother, followed by another 7.5 international units over 20 minutes. A continuous infusion at 5 units/hour was then administered for the duration of the cardiopulmonary bypass (CPB) procedure. The abdomen was closed and uterus packed in anticipation of potential further bleeding secondary to the systemic heparinisation required for CPB. The second stage of the operation was CABG through a midline sternotomy. Sevoflurane was ceased to minimise the effects on uterine relaxation and anaesthesia maintained with infusions of remifentanil and propofol. The milrinone infusion was increased to 0.5 µg/kg/minute and a low-dose noradrenaline infusion titrated to maintain a mean arterial pressure greater than 65 mmHg. After systemic heparinisation, CPB was swiftly instituted. The patient underwent coronary artery grafting of the left anterior descending artery with a right saphenous vein and the intermediate coronary vessel with the left saphenous vein. Cumulative CPB time was 89 minutes and aortic cross-clamp time was 77 minutes. Post-revascularisation, transoesophageal echocardiography showed mild improvement of ventricular function in the left anterior descending coronary artery territory. On the milrinone infusion, cardiac output improved to 5.4 litres/minute with a cardiac index of 2.6 litres/minute/m 2 . Prior to the termination of CPB, a thromboelastograph (TEG) (Haemoscope Corp, IL) was performed. A commercially available heparinase TEG revealed an increased maximum amplitude of 67 mm (normal value: 42-65 mm), reflecting a hypercoagulable state. The rest of the TEG variables were normal. Heparin was neutralised with protamine in a 1:l ratio and an additional 100 mg of protamine was cautiously administered over 20 minutes to achieve an activated clotting time of 165 seconds, which was considered acceptable in the absence of surgical bleeding. The oxytocin infusion was stopped four hours after CPB. The patient was transferred to the intensive care unit, where the intra-aortic balloon pump was removed after 24 hours and the patient extubated on postoperative day 2. She was discharged home with a healthy baby girl six days later; her medications including aspirin (100 mg), bisoprolol (2.5 mg), frusemide (40 mg) and perindopril (2.5 mg). The patient remained symptomatic with New York Heart Association Class III symptoms at three months postpartum. Serial transthoracic echocardiography demonstrated a dilated left ventricle with severe hypokinesis of the anterior and lateral ventricular walls, consistent with a fixed transmural left anterior descending territory infarct. At eight months after discharge, the echocardiographic and clinical features were unchanged, a severe ischaemic cardiomyopathy (ejection fraction 21%) persisting. The patient remains under the care of the heart failure clinic and she has been advised to avoid future pregnancies.
DISCUSSION
As described in this case, spontaneous coronary artery dissection is more prevalent among pregnant women and commonly presents around delivery or in the early postpartum period 4 . This may be related to high progesterone levels with subsequent structural changes in the collagen of the vessel wall that occur in the pregnant state 5, 6 . The management options for a pregnant or recently pregnant woman include conservative therapy, percutaneous coronary intervention or surgical revascularisation. We considered thrombolytic therapy to be unsafe in the setting of the large coronary artery dissection due to the potential for further extension 7 . While percutaneous coronary intervention can eliminate the false lumen as well as the obstruction, it is generally considered in patients with an isolated dissection in the proximal part of a coronary artery that supplies a large region of viable myocardium, particularly without a good collateral circulation. In the case presented here, the dissection was extending into multiple vessels and the diameter of the false lumen was considered too large to seal effectively with a stent. For this reason, surgical management by way of CABG was considered the definitive management option.
Caesarean delivery followed by CABG, as occurred in this patient, requires careful planning and a coordinated multidisciplinary approach. Transfer to a centre that has the capacity to perform both emergency cardiac and obstetric surgery is necessary. We considered emergency caesarean delivery prior to CPB paramount for a number of reasons. First, the foetus was viable and at a gestational age where early delivery is associated with minimal neonatal morbidity. Second, a delay in definitive management in the presence of haemodynamic instability is likely to result in worsening of the foetal state. In addition, pregnancy places a large amount of haemodynamic stress on the cardiovascular system and hence delivery of the foetus might assist in decreasing this stress. Finally, CPB is associated with foetal demise secondary to maternal non-pulsatile flow, hypotension, hypothermia and activation of inflammatory processes 8 . While off-pump grafting has been described (and may have potential benefits for the foetus), its use in pregnancy-related coronary artery dissection appears to be limited 9 . Cardiopulmonary bypass time can be minimised by construction of all proximal anastomoses pre-bypass.
The anaesthetic technique used was tailored to reflect the pregnant state of the patient as well as her severe haemodynamic compromise. Remifentanil was administered because of its rapid metabolism and potential lack of opioid-related respiratory depression in the neonate 10 . Its potent analgesic properties were considered important in minimising sympathetic responses to painful stimuli that may have worsened cardiac ischaemia. Intraoperative monitoring included the use of bispectral index to limit the amount of volatile anaesthetic administered (and hence any effects on uterine tone) and to potentially decrease the incidence of awareness. Transoesophageal echocardiography and pulmonary arterial catheterisation assisted optimisation of fluid and inotrope management.
Meticulous attention to haemostasis was considered important as systemic heparinisation is required prior to the implementation of CBP. Placement of a prophylactic uterine compression suture, such as the B-Lynch suture, to avoid bleeding problems associated with decreased uterine tone, should be considered. TEG can be used for early detection of hypercoagulability post-CPB and to guide protamine reversal of heparinisation, with a view to preventing postoperative thromboembolic complications. Careful administration of uterotonic agents is necessary as these have marked haemodynamic effects 11, 12 . Oxytocin can cause significant peripheral vasodilatation, hypotension and tachycardia as well as coronary vasoconstriction 13 . Large bolus administration is thought to be particularly detrimental but even small doses (e.g. 1 international unit) in compromised patients have been shown to have significant detrimental effects 13 . For this reason, a comparatively small bolus was administered slowly, followed by an infusion.
While the prognosis of spontaneous coronary artery dissection has improved in recent years, the risk of death remains high; the reported mortality being up to 65% [14] [15] [16] . The risk of persisting ventricular dysfunction, resulting in significant morbidity, is also high. In one series, over 20% of the survivors were reported to be symptomatic months later. Persisting biventricular dysfunction requiring extracorporeal membrane oxygenation as a bridge to transplantation 17 and cardiac transplantation for decompensated cardiac function have also been described 18 . Severe left ventricular dysfunction and difficulty weaning off CPB, with intra-aortic balloon pump support, has also been reported in the postpartum period 19 . The potential morbidity associated with this condition is highlighted by this patient, who, despite being of comparatively young age, experienced longterm significant impairment of cardiac function.
In summary, we present a case of emergency caesarean delivery followed immediately by coronary bypass grafting in a young woman who developed cardiogenic shock secondary to a spontaneous coronary artery dissection. Despite rapid diagnosis, institution of inotropic support, emergency caesarean delivery and CABG, she developed a severe dilated ischaemic cardiomyopathy. The mortality has improved in recent years but it is still associated with significant long-term morbidity.
